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The present invention relates to surgical instru- 
ments for withdrawing fluids from or introducing fluids into 
a cavity of the body. 

I 

As IS well known, a catheter is a tubular, flexible 
surgical instrument for withdrawing fluids from (or introduc-' 
ing fluids into) a cavity of the body, a double-current 
catheter is a catheter having two channels; one for injection 
and one for removal of fluid. Dorian's Illu.tr...^ 
Dictionary Twenty-Fifth Edition (W.B. Saunders. Philadelphia 
1974), p. 274. As is well known, u double-current catheter 
is used for removing blood from a fistula or vein for process- 
ing in a dialysis machine and returning the processed blood 
back to the fistula or vein, a double-current catheter 
suitable for this purpose is disclosed in Hahurkar, U S 
Patent No. 4,134,402 issued January 16. 1979. Mahurkar.' U S 
Patent No. 4.134,402 discloses, a double lumen continuous flow 
hemodialysis needle and cannula having contiguous lumens of 
different lengths formed by dividing a unitary straight tube, 
the shorter lumen acting as ^ blood intake lumen and the 
longer acting as a blood return lumen. Semi-circular lumens 
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provide a minimal resistance to blood flow resulting 
in a smaller but hightly efficient catheter in 
comparison to a coaxial double-current catheter. 
Hemodialysis requires, for example, a blood flow rate 
of about 200ml/rain or more and flow resistance less 
than about 100mm of mercury. 

There are numerous other United States Patents 
disclosing double-current catheters for hemodialysis 
and evidencing a long-felt need for a small, 
functionally efficient catheter having a minimum of 
' insertion trauma and potential for clotting. 
McLaughlin, O.S. Patent 4,096,860 issued June 27, 
1978 discloses a coaxial hemodialysis catheter said 
to allow a step enlargement of the opening of a blood 
vessel to avoid tearing and rupture of the side 
walls. A simultaneous flow device incorporates a hub 
with an extension conduit and a valve therein for 
receipt of a needle therethrough. The extension 
conduit is of sufficient size to allow the passage of 
the needle therethrough adjacent the interior side 
walls thereof with an attendent extension thereof 
from its opening. The needle with the extension 
conduit is adapted for combined insertion within a 
blood vessel, after which it can be withdrawn while 
the valve prevents the backflow of blood through the 
axial passage of the hub. A coaxial flow device can 
then be inserted within the hub conduit. 

Sorenson et al., O.S. Patent 4,099, S28 issued 
July 11, 1978 discloses a coaxial double lumen 
cannula mounted upon a hub and having a central 
stylet needle for penetrating a patient's vein and 
which is retractable after penetration. 

Grimsrud, O.S. Patent 4,203,436 issued May 20, 
1980 discloses a hollow hypodermic needle with a 
divider for providing a first channel for removal of 
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blood for treatment from a punctured blood vessel and a 
second channel for returning the treated blood to the blood 
f vessel . 
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,.o, . "'^»««"««. « S. P-tent HO. 4.385.631 Issued May 31. 
19B3 discloses a hemodialysis catheter for puncturing blood 
I (Vessel, Which includes a section insertable through a punc 
ture opening into a blood vessel and a hose line following 
thereafter. ^ 



■ Jacobson et al.. o.S. Patent No. 4.180.068 issued 

December 25. 1979 discloses a double-current hemodialysis 
catheter comprising a primary tube and an internal divider 
Which also functions as a trocar and valve. The primary 

iT.TlJ' h""' '"•^ • --tral open- 

ing at the dxstal end of the primary tube. The internal 

dxv.der xncludes a cutting end which protrudes from the dis- 
tal openxng when the divider is longitudinally moved to an 

20 b"c"ed'°"''"' "^''^'^ ^« 

Mahurkar. O.S. Design Patent No. -272,651 issued 
February 14. 1984 discloses a double lumen catheter having 
an outlet lumen which has an opening at the tip of the c^heter 

TJ T'V. ^----^c" terminates in a bevel sl 

stantially displaced from the tip. 

. invention provides an efficient dual 
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, catheter has a smooth conical tapered tip that smoothly mer- 
ges with the catheter body so that insertion of the catheter 
»s facilitated. The catheter also has a uniform diameter 
along its entire length from its proximal end to the conical 
tapered tip. The tip guidance point is located at the cen- 
ter of the conical tip for uniform distribution of frictional 
resistance and minimization of insertion trauma and kinking 
The conical tapered tip comprises a relative concentration ' 
of material to impart relative rigidity so that the tip func- 
tions as an effective dilator for soft tissue and veins. 
Se«acircular lumens insure non-static laminar flow and pre- 
vent clotting. The smooth bore double lumen catheter is 
particularly advantageous when a tunneling procedure or 
blind technique must be used, for example, to reach a vein 
. under the collar bone or neck. 

The present invention will be further illustrated 
by way of the accompanying drawings, in which 

Fig. 1 is a front elevational view of a smooth 
bore double lumen catheter according to the present inven- 
tion; 

Fig. 2 is a right side elevational view of the 
smooth bore double lumen catheter illustrated in Fig. l; 

Fig. 3 is a rear elevational view of the smooth 
bore double lumen catheter illustrated in Fig. l, 

b«.« H K,"?' * * '^"^ ''"^ elevational view of the smooth 
bore double lumen catheter illustrated in Fig. l; 

Fig. 5 is a bottom view. of the smooth bore double 
lumen catheter illustrated in Fig. i; 
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H,"?' * ' -"ooth bore 

double lunen catheter illustrated in Pic. l taken 
along line 6-6 thereof; and 

' doubir?' ' * °' -"ooth bore 

double lumen catheter Illustrated in riG. i taken 
i_ along long 7-7 shown in PIG. 2. 

• * 

Turning now to the drawings, PiCs. l-s show the 
various external views of a smooth bore double lumen 
catheter, generally designated 10, in accordance with 
the present invention. As is conventional for a 
double-current catheter, the double lumen catheter 10 
has a elongated hollow tube 11 which is inserted into 
• cavity of the body such as a fistula or vein. The 
tube 11 is circular in cross section, as specifically 
shown in PIG. 6, and has an internal divider 12 
defining a return lumen 13 and an inlet lumen 14 
within the interior of the hollow tube ll. The 
lumens 13 and 14 are semicircular or "D" sh^oed which 
minimizes resistance to fluid flow. As is 
conventional for this type of dual lumen 
construction, the divider 12 extends axially along 
the tube 11 from a branching connector 15. The 
branching connector 15 connects the distal end 
portions of the return lumen 13 and the inlet lumen 
14 to respective fluid return and inlet lines 16 and 
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17 vhich are, for example r respective venous and 
arterial lines of a dialysis circuit. This preferred 
direction of fluid circulation is indicated by heavy 
arrows in PiGs. 1 and 3. The branching connector 15 
includes a coaxial sleeve 15' at the junction of the 
/ tube 11 and the connector 15. The sleeve 15 • acts as 
a strain relief and also prevents kinking of the tube 
11 at the junction. 
/ The hollow tube 11 includes openings or 

apertures at the distal end portions of the lumens 
13, 14 to permit the flow of fluid between a body 
cavity (not shown) and the lumens. The return lumen 
13 extends along the entire length of the tube 11 to 
an aperture or opening 18 at the distal end or tip of 
f the tube 11 as is more clearly shown in PIG. 7. The 
inlet lumen 14 is shorter than the return lumen 13 
and terminates at its distal end at an aperture or 
opening 19 that is in the side of the tube 11 and is 
substantially displaced from the aperture 18 at the 
distal end of the tube 11. 

In accordance with the invention, the distal end 
portion of the tube 11 has a conical tip generally 
designated 20 which smoothly merges with the 
cylindrical body of the tube 11. Preferably the apex 
of the conical tip 20 is centered on the axis of the 
cylindrical body of the tube 11 thus serving as a 
guidance point to uniformly distribute the frictional 
resistance encountered by the conical tip 20 when the 
tube 11 is inserted into the body cavity (not 
shown). As shown in PIGS. 1-4 and PIG. 7, the outer 
diameter of the tube 11 converges smoothly at th^ 
distal end portion of the tube defining a truncated 
cone 20 and the ret .rn lumen 13 opens at the 
truncated apex of the cone 18. Preferably, the 
conical tip 20 has a gradual taper. The conical tip 
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20, Cor example, has a length of at least 
approximately two diameters oC the tube 11. since 
the frlctional resistance is uniformly distributed 
•nd the conical tip 20 smoothly merges with the body 
of the tube II. Insertion trauma and kinking are 
minimized. 

The relatively small size of the return and 
Inlet apertures 18. 19 further reduce insertion 
trauma, but they also impede fluid flow. Therefore, 
an additional group of holes or apertures generally' 
designated 21 connect the return lumen 13 to the 
outer surface of the tube 11. and an additional group 
of holes or apertures 22 connect the inlet lumen 14 
to the outer surface of the tube 11. viewed from the 
aide, the holes 21, 22 are seen to have scaphoid 
■argins. m particular the return holes or apertures 

21 are axially disposed between the base of the 
conical tip 20 and thi inlet aperture 19 at the 
distal end of the inlet lumen 14. The additional 
inlet holes or apertures 22 are axially disposed 
between the inlet aperture 19 and the proximal end of 
the tube 11. The return holes 21 and the inlet holes 

22 are further disposed clrcumferentially on opposite 
aides of the divider 12. Thus, there is axial as 
well as circumferential separation of the inlets and 

rculation. 

In accordance with another aspect of the 
invention specifically shown in PIG. 7. the conical 
tip generally designated 20 is formed with a relative 
concentration of material 23 to stiffen the tip 20. 
This stiffening aids penetration of the tip 20 into 
the body cavity (not shown) and also aids the 
dilation of soft tissue such as veins. As shown in 
FIG. 7. the inlet lumen 14 terminates at the inlet 
aperture 19 and in place of the inlet lumen the 
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reutive concentration of nuiteri.l 23 .xt.nd, «lally 
«t th* truncated apex of the conical tip 20. Aleo 

.KU of th " -""trie to the 

axis of the conical tip. 

.klii'Jn\'K -PP«ent to persons of ordinary 
•kill in the art that the tip 20 as shown in FIG. 7 

tip « i'c 1 :r '*'«-''^""<= -serial, th.. 

tip 20 including the relative concentration of 
•aterial 23 Is easily nolded and bonded or is 
integrally formed from the cylindrical tube 11 by the 

Of internal and external mandrels and the 
.ppUcation Of heat by any number of conventional 

fo:::„V" " "--^ « 

For use l„ hemodialysis, the smooth bore double 
lumen catheter 10 is introduced in the direction of 

Se^fno T V"^' • »'yP<^-ic needle or 

Seldinger's guide «ire, or through a sheath as is 
conventional. The side holes 19 and 22 on the blood 
inlet lumen 14 draw the blood for processing and the 
processed blood is returned through the return lume; 
13 and out through the holes 18, 21 to return the 
blood upstream into circulation. As was described 

^IV '^""''^"^ properties of the smooth bore 
double lumen catheter as shown i„ the drawing figures 
insure that insertion trauma, .i„Kl„,. .„d Je 
possibility of clotting are minimized during 
hemodialysis. 
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IS CLAIMED ARE DEFINED AS FOLLOWSi 

1. A double lumen catheter h;tui„« 
cylindrical tube enclo.in, first and - "''"•'"•«' 
proxi„.i end or said cylinV ic" tube I" 
separate tubes conununicatinrwxth th! 

•econd lumens for the iniJll ' respective first and 

"rst lumen extend no rTt?" """"" 
■ cal tube to an ope^n^r, rdrs^Te^^": ll T ~ 
tube, and the second lumon extend n, "oVtHe ^^'^""'^^"^ 
Of said cylindrical tube to at leas! onT 

Of the cylindrical surface of s.Z V""*' "'^'^ 
the improvement comprised ^'''^'^i" 

/ <.i-ai end a smL":";n:::r :::: - 

« uniform diameter 
its proximal end to said conical L^;:: T^"' 

1. wHerein';he"^!:dt>a^"::"/"•'"" ^^'^•"•^^ ^" 
--udes at leas! onT: e^ nT H f^^Vr"""^^ '"^^ 
spaced between the opening to h " 
conical tapered tip Z '""'^ "i** 

Side of sard cylinti" IT"'^'""'''"'' 

second lumen. ^'^""'^^"^ '^^^ouUe said opening to said 

1. -Herein'^^e'cy^ir^rL^r"*"/"'"" " ^" <=^*i» 

includes a PluraUty of hoi" °' cylindrical tube 

- axiaii. spaced":e:Lr:;er:;:: 'r 

and said conical tapered tip anT " 

on the side of said cyUnarfLr ''^"""'^""*"ti«iiy disposed 

to said second lumen "'"'''''^ oP--, 

4. Thu double lumen catheter a« ^i, ^ 
1. Wherein a„ internal planar Hi„ . ''^^^'» 

Planar divxdor in said cylindrical 



tube .epar-tes ..id f ir.t .„., .econd lumen., .„a the cyli„ 
-ric.l surface of .aid cyiindric.l tube include, .t le«i 
one side hole * Aeast 
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expoilng said second lumen that is axiaiiy spaced 
between the opening to said second lumen and the 
proximal end oC said cylindrical tube and is 
clrcumferentially disposed on the same side of the 
cylindrical tube as the opening to said second lumen, 
I and the cylindrical surface ot .aid cylindrical tube 
includes at least one side hole exposing said first 
lumen axially spaced between said opening to said 
. second lumen and said conical tapered tip. and 
/ clrcumferentially disposed on the opposite side of 
■ ..id cylindrical tub. as said opening to said second 
lumen. 

$. The double lumen catheter as claimed In 
claim 1, Wherein said conical tapered tip comprise, a 
concentration of material substantially exceeding the 
concentration of material In the cylindrical body of 
•aid cylindrical -tube. 

6. The double lumen catheter as claimed In 
claim 1. wherein said cylindrical tube comprises a 
relative concentration of material extending axially 
from said opening m the side of said cylindrical 
•urface of said cylindrical tube to the dlstai end of 
said cylindrical tube. 

7. The double lumen catheter as claimed In 
claim I, wherein said cylindrical tube has an 
Internal planar divider bisecting said cylindrical 
tube Into said first and second lumens, said second 
lumen terminate, at said opening In the side of said 
cylindrical surface of said -rylindrical tube, and a 
relative concentration of macerial extends axially 
from said opening In the side of said cylindrical 
surface of said cylindrical tube to the distal end of 
said cylindrical tube. 
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S« Th« double lumen catheter ea claimed in 
claim 1, wherein the apex of aaid conical tip is 
substantially aligned with the axis of said 
cylindrical tube. 

9. The double lumen catheter as claimed in 
claim 1, wherein the length of said conical tip is at 
least approximately two diameters of said cylindrical 
tube. 

10. The double lumen catheter as claimed in 
claim 1, wherein the first and second lumens are 
semicircular. 

11. The double lumen catheter as claimed in 
claim 1, wherein the proximal end of said cylindrical 
tube is connected to said separate tuues by a 
connector including a sleeve coaxial with said 
cylindrical tube at the junction of the coaxial tube 
and the connector. 

12. A double lumen catheter as claimed in claim 
If wherein the opening at the distal end of said 
cylindrical tube is eccentric with respect to the 
axis of the conical tapered tip. 

13. The double lumen catheter as claimed in 
cla.«m 1, wherein the wall thickness of the conical 
tapered tip is eccentric with respect to the axis of 
the conical tapered tip. 

14. A double lumen cacheter comprising an 
elongated cylindrical tube including a planar axial 
divider bisecting said cylindrical tube into first 
and second lumens, the proximal end of said 
cylindrical tube connecting two separate tubes 
communicating with the respective first and second 
lumens for the injection and removal of fluid, the 
first lumen extending from the proximal end of said 
cylindrical tube to a first opening at the distal end 
of said cylindrical tube, the second lumen extending 
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from the proxliui end of said cylindrical tuba to a 
aacond opening in the aide of the cylindrical aurface 
of aaid cylindrical tube, said second lumen 
terainating at aaid second opening and a relative 
concentration of material extending axially from the 
aecond opening to the distal end of said cylindrical 
tube, the distal end of said cylindrlr.xl tube having 
a amooth conical tapered tip that smoothly serges 
with the cylindrical aurface of said cylindrical 
tube, the cylindrical aurface of aaid cylindrical 
tube having at least one side hole exposing said 
firat lumen axially spaced between aaid second 
opening and aaid conical tapered tip and 
clrcumferentially disposed on the opposite side of 
■aid cylindrical tube aa said second opening, and the 
cylindrical surface of said cylindrical tube having 
at least one side hole exposing said second lumen 
axially spaced between said second opening and the 
proximal end of said cylindrical tube and 
clrcumferentially disposed on the same side of said 
cylindrical tube as said second opening. 

15. The double lumen catheter as claimed in 
claim 14, wherein the apex of said conical tip is 
substantially aligned with the axis of said 
cylindrical tube. 

16. The double lumen catheter as claimed in 
claim 14, wherein the length of said conical tip ia 
at least approximately two diameters of said 
cylindrical tube. 

17. The double luoen catheter as claimed in 
claim 14, wherein the first opening in the distal end 
of said cylindrical tube is eccentric with respect to 
the axis of the conical tapered tip. 
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18. The double lumen catheter as claimed in 
claim 14, wherein the wall thickness of the conical tapered 
tip is eccentric with respect to the axis of the conical 
tapered tip. 

19. The double lumen catheter as claimed in claim 
14. wherein the first and second lumens are semicircular. 



20. The double lumen catheter as claimed in claim 
14, wherein the proximal end of said cylindrical tube is 
/ connected ro said separate tubes by a connector including 
a sleeve coaxial with said cylindrical tube at the junction 
of the connector and said cylindrical tube- 

I 

J 
I 

j 21. A double lumen catheter comprising an elonga- 

ted unitary tube including an integral internal divider 
/extending ax rally along the entire length of the tube and 
dividing said tube into a first and a second lumen, the 
outer circumference of said tube converging smoothly at the 
distal end portion of said tube defining a truncated cone, 
the fxrst lumen opening at the truncated apex of said cone, 
and the second lumen being shorter in axial length than the 
first lumen and opening upon the outer circumference of said 
tube, said tube having a uniform diameter from its distal 
end portion to proximally beyond the opening of the second 
lumen upon the outer circumference. 

22. The double lumen cathater as claimed in claim 
21. wherein the first lumen is eccentric to the axis of said 
cone . 



23. The double lumen catheter as claimed in clai 
21, wherein said second lumen opens upon the outer circum- 
ference of said tube at a plurality of openings having 
icaphoid margins. 

-14- 
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24. The double lumen catheter as claimed in claim 
21. wherein said first lumen also opens upon the outer dia- 
meter Of said tube at a first plurality of holes located 
bettreen the proximal end of said 
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tub« and the base of said cone, and said second lumen 
opens upon the outer diameter of said tube at a 
second plurality of holes located between said first 
plurality of holes and the proximal end of said tube. 

25. The double lumen catheter as claimed in 
claim 21, wherein said first and second lumens are 
semicircular. 

26. The double lumen catheter as claimed in 
claim 21, further comprising a branching connector at 
the proximal end of said tube including a sleeve 
coaxial with said tube at the function of said tube 
and the branching connector. 




•j 




f 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of tlie Official Record 

BEST AVAILABLE IMAGES 

Defect^,, the ,mages .nclude bm are not Itm.ted to the ,tems checked 



BLACK BORDERS 




rMAGF, cu r OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DR.\WfNC 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKJEVVED/SLANTED IMAGES 

Q^COLOR OR BLACK AND WHITE PHOTOGIMPHS 

□ GRAY SCALE DOCUMENTS 

□ LMS OR MARKS ON ORIGINAL 



DOCUMENT 



3'rEFERENCE(S) or EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checl<e^ please do not report these problems to 
the IFW Image Problem Mailbox. 



